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California, Nevada, Utah, Colorado, and Texas. This region is significant in understanding the geologic evolution of southwestern North America. The project leverages considerable support from several federal and state agencies including NASA, the U.S. Geological Survey, the National Imaging and Mapping Agency, and the Arizona Geological Survey. The data sets currently addressed by GeoNet are: gravity, aeromagnetic, electromagnetic, seismic reflection, broadband seismic, seismicity / earthquake, heat flow, remote sensing (mutispectral), drill hole data, geologic maps, faults, geochemistry/petrology, crustal stress & strain, digital elevation model, remote sensing 
(SAR). The sources of the data include MSLAB, University of Washington, Incorporated
Research Institutions for Seismology (IRIS), University of Nebraska, United States Geologic Survey (USGS), Arizona State University (ASU), and the University of Texas at El Paso (UTEP). GeoNet will provide access to these data sets for the Colorado Plateau and the Basin and Range province. Each data set will have associated metadata that includes information such as person and organization responsible for collecting data, the date data was collected, specifications of the instruments used to collect the data (if appropriate), person and organization responsible for the validation of data and date when this process was completed, as well as other information deemed pertinent to each specific data set.
Overview of GeoNet
This section describes GeoNet in general terms. It defines the technical terminology that is used throughout the paper, discusses the relationship with the GEON project and describes the system from a user's perspective.
Definitions
This section provides definitions of terms used throughout the paper.
Application software Application software is a software program that performs a specific function for a user.
GEON
The GEON (GEOscience Network) project is a collaborative effort among researchers from a broad cross section of information technology and earth science disciplines to create an information infrastructure.
Global Grid Forum
The GGF is a community-initiated forum of individual researchers and practitioners working on "grid" computing technologies. Its primary objective is to promote and support development, deployment, and implementation of Grid technologies and applications [3] .
Grid
The Grid is a distributed computing infrastructure that permits integration of services across distributed, heterogeneous, dynamic 5 virtual organizations formed from coordinated resource sharing and service provider relationships [3] .
Grid Services A Grid Service is a Web Service that provides a set of welldefined interfaces and that follows specific conventions. The interfaces address discovery, dynamic service creation, lifetime management, notification, and manageability of the service; the conventions address naming and upgradeability issues [7] .
HTML Hypertext Markup Language (HTML) is a platform-independent
language used for formatting data to be presented on a web page and displayed through a web browser.
OGSA
The Open Grid Services Architecture (OGSA) is a standard proposed by the Global Grid Forum that defines a common architecture for Grid-based applications, and which revolves around the concept of a Grid Service [7] .
OGSI The Open Grid Services Infrastructure (OGSI) is a standard
proposed by the Global Grid Forum that presents a technical specification of the mechanisms defined in OGSA [8] .
Ontology A formal specification of a shared conceptualization [13] . 
Portal

Relationship to GEON
In order to study the dynamics in earth science, geoscientists must integrate and share multidisciplinary data sets. The NSF ITR GEO-science Network (GEON) project represents a collaborative effort among researchers from a broad cross section of information technology and earth science disciplines from San Diego Supercomputing, Cornell, Virginia Tech, and UTEP [6] . The information infrastructure created by GEON will allow scientists to share databases and tools, enabling the interdisciplinary research required to discover relationships among Earth science disciplines, e.g., the relationship between tectonics and the evolution of sedimentary basins; broader predictive understanding and modeling capabilities of geologic hazards, such as earthquakes and volcanoes; the 4D reconstruction of the Earth through time; and, management of the 7 natural resources of our planet. The need to manage the growing amounts of diverse Earth science data was recognized through a series of NSF-sponsored meetings on geoinformatics [5] . The vision of GEON is to develop a cyber-infastructure that will integrate multiple database systems and allow for tool sharing across multiple computing systems, facilitating the geoscientists' ability to understand the dynamics of Earth science. GeoNet will be a node on the GEON grid.
The GeoNet effort will link the geospatial data sets for the Colorado Plateau region, and it will develop the toolsets to use and integrate these data sets. GeoNet is designed to allow communication, distributed computing, and data sharing among heterogeneous systems by adhering to Grid Computing standards proposed by the Global Grid Forum and described in the OGSA documentation [3] .
The information technology challenges for GeoNet and GEON relate to formulating, designing, and implementing data modeling and semantic integration formalisms, distributed data and computational grid techniques, and visualization methods that are directly applicable to the GEON domain science goals. Other challenges include the formalization of various ontological blueprints and configuration of multiple computing systems. The research products and services arising from GEON will be available to the entire scientific community and will provide opportunities for research and collaborations.
User Perspective of GeoNet
The use case diagram [9] shown in Fig. 2 presents the behavior of GeoNet from an external perspective. The diagram is comprised of use cases depicted as ovals, actors depicted as stick figures, and relationships between them depicted as lines. Actors are external entities that interact with the system including human users as well as other software systems. In GeoNet, the principal actors include:
! General User -user who accesses the system to obtain general information about GeoNet, request data from selected data sets, and run a demo of the system.
! Registered User -user who has registered with GeoNet and who uses the system to access or contribute geospatial data, ontologies, software applications and other services.
! Validator -geosciences expert who validates submitted geospatial data, ontologies, software applications, and other services before making them available to GeoNet users.
! Distributed Geosciences DB -set of data base management systems that maintain geospatial data and ontology repositories.
! Application Software -software that interacts with GeoNet to provide additional functionality, such as ontology editors, integration tools, and visualization tools.
! Administrator -user who manages user profile information, which include user names, passwords, and access levels for different types of users.
The use cases describe the services of the system that provide a visible result for an actor.
The principal use cases for GeoNet include:
! Validate -services that aid a geosciences expert in validating geospatial data, ontologies, software applications, tools, and other services that are submitted by registered users and intended to be shared among the geosciences community.
! Submit Data -services that allow registered users to submit geospatial data with the intension of making it available to the community.
! Extend Tools & Services -services that allow registered users to register software applications, ontologies, tools, and other services with the intension of making them available to the community.
! Discover Data and Knowledge -services that allow users to locate geospatial data and information associated with the data.
! Analyze -services that allow users to study and explore geospatial data.
! Manage Profile -services that allow the administrator to manage user profile information and allow registered users to maintain their own profile information. Each use case may contain one or more scenarios. A use case scenario describes a sequence of actions that the user and the system take in order to complete a task. There are numerous scenarios associated with GeoNet. Three are presented here.
Scenario 1: Retrieve gravity data.
A General User wants to retrieve gravity data for a given geographic area. The gravity data will be presented in a table of longitude, latitude, and data.
1. The user selects the retrieve data option from the menu.
2. The system displays a map of the southwestern United States.
3. The user draws a rectangular footprint on the displayed map by holding down the right mouse button and dragging the mouse. 7. The user submits the request for the footprint area.
8. The corresponding gravity data is displayed in a grid box by default. Note that the data is marked in such a way that the user knows whether the data has been corrected by USGS.
Example alternatives to Scenario 1.
Alternatives give variations to a scenario. The alternatives to Scenario 1 are enumerated below. The steps that are replaced by the alternative are given in parenthesis.
1. The user enters latitude and longitude values using the degrees and decimal-minutes format (replaces steps 1-4).
2. The user requests that the results be presented on a gridded map (replaces step 6).
a. The user selects gridded map for displaying the gravity data.
b. The gravity data is displayed in a gridded map.
3. The user downloads the results into a file (extends the use case after step 6).
a. The user chooses the download option.
b. The user enters the local path in which to save the data.
c. GeoNet saves the results at the requested location when the service completes.
d. The user receives an acknowledgement that the file has been downloaded.
Note that assuming that the data needed to satisfy the requests is distributed on multiple database management systems, the retrieval service orchestrates the process of obtaining the data, integrating the results, and presenting the results to the user on the format requested.
Scenario 2: Submit gravity data.
A Registered User wants to upload data to the data repository. This user has successfully logged in.
1. The user chooses to submit gravity data.
2. GeoNet displays a metadata form.
3. The user completes the metadata form by entering, for example, the identification of the person submitting the data, date data collected, base station identification, and instrumentation used.
4. The system validates the metadata and generates a source identification number.
5. The user selects the directory in which the gravity data is stored.
6. GeoNet uploads the gravity data file from the designated directory and stores the data in a temporary location.
Example alternatives to Scenario 2.
1. The user runs a data reduction algorithm on the newly submitted data (after step 6).
2. The user edits the data (may follow data reduction from above; or after step 6).
Note that once the submission process is completed, the data is reviewed by a user with validator privileges who approves and incorporates the data into GeoNet's main store (the data remains in the temporary location in the meantime). At this point, the corresponding metadata is completed by adding the date of validation and the identification number of the validator. The data then becomes available to registered users. Also, the data is submitted for validation by the USGS. Once it is approved, the source identification number provided by USGS and its corresponding validation date are entered into the metadata file. The submitter is notified when the submission has been validated and is given a reference number for citation purposes.
Scenario 3: Request for a three-dimensional rendition of a remote sensing image overlaid on a digital elevation map.
A General User wants to display digital elevation data and remote sensing data simultaneously. These data are displayed using three-dimensional imaging.
1. The user selects the option to display remote sensing and digital elevation data.
2. The system presents a list of previously defined footprints. The footprints are displayed as outlines on a map of the southwestern United States. Each footprint represents the area covered by a remote sensing image.
3. The user selects a footprint by clicking on the region where the footprint outline is displayed.
12 4. The system displays thumbnail versions of the available images for the footprint area, and it displays metadata information about the image, e.g., date of the image, type of satellite, and scene identification number.
5. The user chooses the desired image.
6. GeoNet displays a three-dimensional rendition of the image integrated with a digital elevation map.
7. The user rotates the graphic to get different views.
High-Level Architecture
Fig . 3 shows the general architecture proposed for GeoNet, which mainly is divided into a multi-tier system consisting of three layers: the data layer, the functionality layer and the presentation layer. The data layer consists of data repositories that may be distributed across multiple servers and spread across different geographical locations.
There are no restrictions on the platforms used to home data repositories and it is expected for hosting organizations to use different platforms at their convenience and discretion. The result is a heterogeneous data layer that provides the necessary database connectivity and is mainly oriented towards the extraction and submission of data from and to the data repositories. Furthermore, the data layer will typically be distributed across organizations according to their corresponding data set specialty. As an example, University of Texas at El Paso hosts and maintains gravity data sets about the transition zone between the Colorado Plateau and the Basin and Range province, while Arizona
State University hosts and maintains seismicity and earthquake data sets about the same area.
The functionality layer implements the logistics of the GeoNet system, which is delivered in the form of services that are consumed by client applications. Data querying, retrieval, integration and processing services are part of the functionality layer. Services are distributed, with different organizations implementing and hosting services on their own servers. Some of these services interact with the data layer in order to extract or submit data, while other services provide data integration or processing by combining other services within the functionality layer. The services provided at the functionality layer are guided by a set of ontological rules that are themselves enforced through 13 services. These rules are necessary to maintain the integrity and consistency of data being accessed across different data sets and, therefore, all services provided in the functionality layer must conform to them. The ontological rules are validated by the GeoNet community. A client in GeoNet refers to an application that consumes services within GeoNet.
The presentation layer consists of web-based applications and regular applications (i.e., applications that install and execute on the user's platform). This layer provides the user with an interface to the functionality services offered by GeoNet. Although client applications may provide additional functionality beyond that available at the functionality layer, typical applications at the presentation layer will only serve as user interfaces and handoff the functionality logistics to the corresponding services at the functionality layer. This approach results in low-complexity applications at the presentation layer, which have less-demanding platform requirements. As a result, these "thin-client" applications can potentially be deployed on a wide range of end-user platforms, ranging from desktop computers to hand-held devices.
Client applications interact with the GeoNet system by invoking functionality services, which are referenced through a registry on the GeoNet portal. The registry directs the client application request for service to an available hosting platform, which executes the service. The service will satisfy the client's request by performing some computation on input data, interacting with other services that may complement the client's request, or interacting with a data store to get or submit data. The services will then respond to the client's application request by sending back the proper data in XML format. The client application will then transform the XML format to an appropriate format for presentation to the user. For example, if the client is a web-based application, the application may transform the XML format data to an HTML format, which can be processed by the client's web browser.
Finally, the GeoNet portal provides an interface for both geoscientists and public users to access, download, and validate shared resources, interact with other GeoNet users, and create and manage user accounts. Another important role it plays is to allow geoscientists and institutions to contribute towards the development of GeoNet by registering their services on the system, which will extend GeoNet's functionality. The profile information maintained for each user can be used to customize GeoNet resources and services. The GeoNet portal provides the following features:
! User Management Center -Allows a user to register as a member of GeoNet and to maintain his or her profile information.
! Tool Center -Allows users to access tools that interact with GeoNet's functionality layer to access, integrate, manipulate and analyze geospatial data. These tools can be accessed directly through the portal or by downloading applications that have ability to interact with GeoNet's functionality layer. Documentation and tutorials for the use of such tools are available through the Tool Center.
! Registry Center -Allows users to contribute towards the development of GeoNet by registering data, ontologies, and software applications to GeoNet's registry.
! Validation Center -Allows a designated domain expert to: 1) approve submitted geospatial data, ontologies, and software applications based on set procedures and 2) to categorize the entry based on level of validation, e.g., a distinction will be made for gravity data that has been inspected by a domain expert and data approved by USGS, or a tool that is of value to the community but has not been thoroughly tested.
! Discovery Center -Allows users to locate geospatial data, tools, and other services provided within GeoNet. General users can search for tools that provide the necessary functionality for their needs, while software developers can find software components that can be combined and plugged into their projects.
! GeoNet Forum -allows the GeoNet community to discuss issues, pose questions, contribute solutions, and define strategies for the GeoNet system and its relationship to the geoinformatics initiative.
Supporting Technologies
GeoNet is built upon Internet-based technologies. Some of these technologies have been standardized, while others are nascent and are in the process of achieving recommendation status by their respective sponsor organizations. These technologies can be described as a layered model, where one category builds on top of another and extends functionality towards a more specific use. These categories include the Extensible Markup Language (XML) and related technologies, Web Services, and Grid Services.
Each is described next.
Extensible Markup Language (XML)
XML is a flexible markup language proposed by the World Wide Web Consortium
[4]. The main purpose of this language and its related technologies is to satisfy the need for exchanging a wide variety of data over the Web. XML achieves this goal by focusing on the following characteristics:
! Extensibility -Like other markup languages, an XML document encapsulates data between tags, which also serve as descriptors for a particular section. While the XML specification indicates a basic syntax for the language, it does not put any restriction on the tags used. This feature allows a particular user to define tags to be used, providing flexibility in the description of data. As an example, consider an XML document that contains a section of data that is delimited by <GravityData> and </GravityData> tags. It should be expected that the data contained in this section is in fact gravity data. To validate the format of the data contained in a GravityData section, supporting XML technologies also allow the description of schemas or document types that define the fields that are expected to be present on a 16 particular section. In the example described earlier, a schema can be defined to validate that the latitude and longitude coordinate fields are present within the GravityData section.
! Separation of semantics and presentation -XML focuses on the description of data and ignores its presentation to the user. Additional tools parse the XML document and transform it to an appropriate format. For example, an XML document can contain data that is to be presented as synthetic speech over a telephone or the XML document can contain data that is to be displayed on a web page and, therefore, be presented as an HTML document to a user's web browser.
The separation of semantics and presentation in XML allows custom messaging systems to be created based on XML. Special communication protocols can be specified using XML technologies and corresponding parser tools can be developed to adapt the presentation of data between computer systems in order to achieve communication. Some of these XML-based communication protocols (e.g, the SOAP protocol [10] ) are also in the process of being standardized and play an essential role in Web Services technologies, described in the next section.
! Platform independence -XML is based on a simple text format and, therefore, can be transmitted on a wide variety of network connections ranging at different levels of reliability, performance and security. The simplified text format also eliminates any issues that arise between different computer platforms and their particular interpretation of binary formats. Furthermore, XML allows the use of a wide variety of alphabet character sets, which permits data and metadata to be used by an international audience. ! Web Services are discoverable. Web Services require mechanisms for publishing and finding services. On the developer side, a service provider must be able to access a public registry to add references to the service. On the other hand, search mechanisms must be provided for consumers to locate and access such services.
Web Services
Mechanisms for publishing and searching for Web Services vary widely, and standards are still being developed. There are two main alternatives: a centralized and a decentralized approach [12] . The Universal Description, Discovery and Integration (UDDI) registry provides a "yellow-pages" approach to publish and find services. Service providers can access this global registry system to add references and information about their services. Consumers can access the registry to make queries to find them. The decentralized alternative is the Web Service Inspection Language (WSIL), which provides a "business-card" approach and uses web conventions (e.g., HTTP GET) to allow users to locate the service.
In order for a service to be consumed, the client has to locate the service using a discovery mechanism and access its public interface description as prescribed by its WSDL documentation. Based on the description, a proxy class is created on the client's platform. This proxy class is usually created automatically with the aid of a development environment application, e.g., Microsoft Visual Studio .Net. The proxy class executes as a stub on the user's platform and takes care of the communication between the user application and the web service. As a result, the proxy class handles the formatting of data to conform to the appropriate protocol, which is also specified in the WSDL documentation. As shown in Fig. 4 , the user application sends requests to the local proxy class, which takes care of the interaction with the service over the Internet. The proxy class then receives a response from the service and sends the results back to the user application.
As shown in Fig. 4 , the user application is not concerned with network communication issues. The application asks for requests to a proxy class that is executing on the same local platform. On the other side, the web service is not concerned with presentation details. A Web Service expects a request from a proxy class and sends an appropriate message in response. It is the responsibility of the consumer application to present an appropriate interface for the results.
Grid Services
Grid Services is a technology for distributed computing that is based on legacy distributed computing systems such as Legion and CORBA, but incorporates the interface-description approach used by Web Services. Grid Services extends Web
Services by adhering to a specific set of behaviors and conventions [7] .
Grid Services are currently undergoing standardization efforts with the main effort lead by the Global Grid Forum (GGF) [3] . This effort has resulted in the creation of the Open Grid Service Architecture (OGSA) [7] that includes a description of the features of Grid Services. These include the following:
! Discovery -Like Web Services, Grid Services also support similar mechanisms to publish and discover services (i.e., UDDI and WSIL). However, Grid Services extends this feature to allow a consumer to discover new services based on public data elements that reflect the current state of the service. ! Lifetime management -Component failure is inevitable in any loosely-coupled, distributed system, and mechanisms must be provided to deal with such situations.
Grid Services offers a soft-state lifetime management approach, where services depend on clients to sustain continued interest in the resources offered in order for the corresponding services to remain active. If a client application or other component of the distributed system chain goes down, the affected service will eventually die out automatically. Furthermore, explicit termination of the service from the client side or from the server side is also possible.
! Notification -In order to enhance collaboration on a dynamic, distributed environment, services must be able to notify each other of changes in their states.
Grid Services specify mechanisms that allow services to send notifications of their state to other services that have requested to be notified.
Grid Services, like Web Services, assure interoperability among distributed, heterogeneous systems and offer transparency to user applications in terms of physical 20 location and invocation of service. Furthermore, Grid Services offer the opportunity to create and maintain transient, stateful services that can be created and destroyed dynamically. Consequently, Grid Services provides a richer framework than Web Services for the development of complex, loosely-coupled distributed systems and allows features such as one-time login to resources, data-set replication across nodes, and transaction computing to be implemented uniformly across heterogeneous platforms.
There are concurrent efforts within the GGF community to refine the standards mentioned earlier and to address higher-level services. Some of these services are mentioned next.
! Distributed data management services support access to and manipulation of distributed data that is stored in databases.
! Workflow services support the coordinated execution of multiple application tasks on multiple distributed Grid resources.
! Auditing services support the recording of usage data. This includes secure storage of data, analysis of data for purpose of fraud, and intrusion detection.
! Instrumentation and monitoring services include the discovery of sensors in a distributed environment, collection and analysis of information from these sensors, and generation of alerts when unusual conditions are detected.
! Problem determination services for distributed computing includes dump trace and log mechanisms with event tagging and correlation capabilities.
! Security protocol mapping services enable distributed security protocols to be transparently mapped onto native platform security services.
GeoNet Framework
This section describes the GeoNet framework in more detail from three perspectives: 
Data Organization
As described earlier, geospatial data within GeoNet will typically be hosted and maintained across geographically distributed organizations. The challenge is managing the data and providing access to the metadata that ensures consistency.
Guidelines for Organizing Data
GeoNet data-store nodes consist of database servers that are maintained by organizations within the scientific community. In addition to reading datasets, the GeoNet community will be able to submit new datasets and update datasets, which is done through a well-defined process that requires validation of data by an expert scientist.
To facilitate communication and access of data stored in different formats, it is recommended that an intermediate database schema (or set of data fields) be defined and standardized for specific data types. The intermediate schema is used to represent data that is being transferred between different databases and applications. The database schema would include information about which fields are required and the constraints that are to be enforced on specific fields. For example, Bouguer Anomaly would be defined as a five-digit number with two decimal places, and a constraint would be defined, which states that its value must be greater than or equal to -189.44 milligals and less than or equal to 143.5 milligals. GeoNet Grid Services will provide the ability to translate different data types into their corresponding intermediate forms as well as to select and order the attributes to meet the user's needs.
Ontology
An ontology is a "formal, explicit specification of a shared conceptualization" [13] .
An ontology of geospatial data and physical properties, the areas pertinent to GeoNet, is needed to facilitate communication among services independent of individual system technologies, information architectures and application domain [15] . In addition, it precisely defines concepts, attributes, precision requirements of each attribute, mappings between standard controlled vocabularies (synonyms), constraints, and relationships (between concepts and attributes). The standard schema for a dataset, as discussed above, would be associated with its concept, e.g., gravity. Knowledge captured by the ontology allows management of varying data formats within data types.
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A resource description document will be used to capture such things as the source of the ontology, representation language, interpretation of relationships (including inverse relationships), and location of the synonym table. The proposed resource description document will be used to assist the user in composing appropriate queries as well as development of applications that mine the ontology. GeoNet provides the ability to extend the ontology.
A long-range goal is to provide the user with perspectives for integrating and viewing the data. This will permit filtering of data based on the profile of the user. In addition, rules along with a reasoning mechanism will permit discovery of new knowledge and checks for consistency. The ontology also can be used to develop services that manipulate different data sets.
Software
GeoNet is creating a software architecture specification that defines the standard for developing Grid Services that can be integrated into GeoNet. GeoNet provides a consistent mechanism for finding Grid Services, invoking methods of Grid Services, and transferring data among Grid Services, providing a uniform interface for communication.
GeoNet uses the WSDL standards [11] for defining services. A WSDL service description includes types and messages. Types are defined using XML Schema definitions. This format is a standard, extensible type description language supported by WSDL.
Guidelines for developing new Grid Services and for advertising these services will be created. Application developers will be required to create Grid Service subsystems by implementing the appropriate class definitions and using the terms defined by GeoNet.
To summarize, the software architecture specification provides the following:
! hides the implementation details of the Grid Service subsystems, e.g., languages, platform and algorithms used; ! allows Grid Service users to consume different services; and ! extends the system by defining a process for creating and adding services to GeoNet.
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The design of GeoNet considers both the compatibility of GeoNet with other grid systems and the extensibility of the system, i.e., the ability to integrate new geospatial data types. GeoNetDataObj is an abstract class. Its children include GeoLocatableObj, which is the parent of classes that contain location fields, and GeoNonLocatableObj, which is the parent of all classes that do not contain location fields.
There are three range classes in the system: StrRange, LongRange and DoubleRange.
These classes set a range of values and are used by the Constraint class to associate ranges with properties. GeoNet assigns a unique constant value for each property of each geospatial data type. SelectConstraint is defined to select data according to a combination of criteria, e.g., choosing gravity data in the defined region with gravity value within the range of 123.456 to 234.678 and terrain value within the range from 123.456 to 234.678.
GeoNet Software Development Kit (GeoSDK) is an object library for developing Grid Services and applications in GeoNet. GeoSDK is currently implemented on the Microsoft .Net platform. The classes of SDK are provided in Common Intermediate Language (CIL), allowing them to be used on every machine that supports the Common Language Runtime (CLR). The CLR is the virtual machine that executes CIL programs.
Code generators have been written that enable compilers for many languages to produce CIL. The CLR is now supported on Windows, Linux, MacOS, and Unix operating systems [16] . GeoSDK provides a user with the ability to: 
Communication Structure
To provide greater flexibility, Grid Services are managed using a dynamic, hierarchical approach. A grid service can be created by combining other grid services within GeoNet. The combination of services can be thought of as a general tree where the root node of the tree provides a top-level service visible to client applications. The leaves of the tree are services that do not rely on any other service. These services typically access data from a data store or provide some base-level computation.
26
An example of a top-level service might be a service that combines gravity data with digital elevation data. This service would need to know that gravity data is stored at UTEP. A request is sent to a grid service provider at the UTEP Department of Geology, and that service provider is responsible for locating the data, possibly by accessing and combining data from a DBMS running on a server in Geology and a different DBMS running on a server at ASU. The top-level service trying to access gravity data need not be concerned with how or where the data is stored. It only needs to know the service that is responsible for locating the data. In this way, high-level services can delegate responsibilities to lower level services. Providers of the lower-level services are free to reconfigure their services as the need arises.
Except for leaf nodes, each service in the tree will maintain a metadata database that contains the address and access information for services required in order to provide its service. The function of the service is to locate appropriate services at the next level, invoke those services, integrate the returned data sets, and send the resulting data document to the calling service. Each non-leaf service supports the following sequence of operations.
1. The service receives the request.
2. The service queries its meta-data database and determines which services can contribute to satisfying the request.
3. The service invokes methods provided by the identified, lower-level services. 4. The lower-level services receive the requests, execute their code, and return the data in form of XML using SOAP-HTTP protocol.
5. The service receives the data, integrates the received XML documents, and sends the data to the client.
Summary and Future Work
GeoNet is being developed to establish an integrated geospatial-data system that collects and stores data from the southwestern region of the U.S. The issues that must be considered in defining such a network are presented, as well as a basic framework based on Grid Services that supports the development of GeoNet.
Specifically, an intermediate database schema to facilitate the integration of data stored at different locations and accessed by different clients is presented, and an ontology service to ensure its consistency is discussed. Furthermore, to facilitate the extensibility of GeoNet by the community, a framework API is proposed that enhances a consistent communication model among clients and GeoNet services.
Security aspects of GeoNet that must be addressed include protection of data stored in the metadata database and the protection of the data stored in geospatial database. For example, a malicious attack on the meta-data database could produce cycles in the Web Services Management tree, resulting in overload of the system. To protect the meta-data database, we suggest that each Web Service communicate with its meta-data database using an authentication and authorization mechanism. The user ID and password should be encrypted using some confidentiality mechanism, such as secure socket layer, so that hackers cannot easily access the meta-data database. The same mechanism could be used to protect the geospatial database.
The library of GeoSDK will need to be enhanced to provide utilities for handling more geospatial data types and provide more functionalities such as compression XML data. By using GeoSDK, XML documents of the same geospatial data type from different sources will comply with the same standard. However, to make GeoNet compatible with other systems such as GEON, it is necessary to investigate the high-level model on the metadata standard/reference model of these systems. Finally, the enterprise issues, e.g., distributed object persistence service and message queue must be considered.
